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Aim: The association between small dense low-density lipoprotein cholesterol (sdLDL-C) levels and carotid inti-
mal medial thickness (cIMT) progression has not been evaluated fully. We assessed specialized lipoproteins, 
including sdLDL-C, with regard to cIMT progression in a prospective observational study in Japan.

Methods: Plasma total cholesterol, direct LDL-C, sdLDL-C, LDL-triglycerides (LDL-TG), high-density lipo-
protein cholesterol (HDL-C), HDL2-C, HDL3-C, triglycerides, Lp(a), and adiponectin were measured in 2,030 
men and women (median age 59 years, free of cardiovascular disease (CVD) and off cholesterol lowering medica-
tion). At both baseline and after a five-year follow-up, cIMT was assessed. Univariate, multivariate regression, 
and least square analyses were performed to examine the relationships between direct LDL-C, sdLDL-C, and 
other lipoproteins with cIMT progression.

Results: The median cIMT at baseline was 0.63 mm and five-year progression was 0.18 mm. After adjustment 
for standard CVD risk factors, including age, gender, systolic blood pressure, total cholesterol, HDL-C, smoking, 
diabetes, and hypertension treatment, only direct LDL-C, sdLDL-C, and the sdLDL-C/LDL-C ratio were associ-
ated with cIMT progression. Even in subjects with direct LDL-C ＜100 mg/dL, who were considered at low 
CVD risk, elevated sdLDL-C were associated with cIMT progression (P for trend=0.009) in a model with estab-
lished CVD risk factors, although the sdLDL-C/LDL-C ratio did not. Those correlations did not change by 
including triglycerides as a controlling factor or excluding premenopausal women from the analyzed population.

Conclusions: Small dense LDL-C has a stronger relationship with cIMT progression than LDL-C does; there-
fore, measuring sdLDL-C may allow for the formulation of optimal therapy for CVD prevention.

Cardiology guidelines, major CVD risk factors include 
increased age, male gender, hypertension, diabetes, 
smoking, increased total cholesterol, and decreased 
high-density lipoprotein cholesterol (HDL-C) 2). 
Increased low-density lipoprotein cholesterol (LDL-C) 

1. Introduction

Cardiovascular disease (CVD) is a leading cause 
of death and disability worldwide1). According to the 
American Heart Association / American College of 
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clinical utility of sdLDL-C and LDL-C, using direct 
homogeneous assays as well as other atherogenic lipo-
proteins, for predicting cIMT progression in a pro-
spective, observational, community-based cohort 
study.

2. Subjects and Methods

2.1 Study Population and Design
Subjects in this study were participants of the 

Kyushu and Okinawa Population Study (KOPS), a 
community-based, prospective, observational study of 
lifestyle-related diseases and cancers, which has been 
underway since 2004 32, 33). A total of 18,762 partici-
pants have been enrolled in KOPS, and the popula-
tion is almost entirely Japanese. For this analysis, we 
included 2,030 male and female participants who gave 
blood samples after an overnight fast at the baseline 
survey, had cIMT measured, and were not taking cho-
lesterol lowering medications during baseline and five-
year follow-up surveys. They also had physical exami-
nations, including measurement of blood pressure, 
height, and weight as part of their participation in this 
study. All participants provided their past medical his-
tory, including information about hospitalization, use 
of all medications, and lifestyle habits. Each partici-
pant provided informed consent prior to enrollment. 
To ensure data validity, all doctors who participated in 
the study were staff members of the Department of 
General Internal Medicine of Kyushu University Hos-
pital, who had been trained with regard to the study 
protocol and the medical procedures. All studies were 
carried out in accordance with the principles of the 
Declaration of Helsinki, as revised in 2008, and 
approved by the Kyushu University Hospital Ethics 
Committee prior to data collection.

2.2 Laboratory Measurements
Fasting plasma samples were stored at －80℃ and 

not thawed until use. Plasma levels of total cholesterol, 
HDL-C, triglycerides, high sensitivity C reactive pro-
tein (hsCRP) were measured with standard enzymatic 
methods, as previously described9, 17). Plasma levels of 
direct LDL-C, sdLDL-C, LDL-triglycerides (LDL-
TG), adiponectin, lipoprotein(a) [Lp(a)], and HDL3-
C were determined using homogeneous assay kits 
obtained from Denka-Seiken (Niigata, Japan) on an 
automated chemistry analyzer (Olympus AU400), as 
previously described34-38). All analyses were carried out 

is also a CVD risk factor highly associated with total 
cholesterol. An LDL-C target value of ＜70mg/dL has 
been recommended for patients with established CVD 
in the United States and ＜100 mg/dL in Japan3). In 
many laboratories, LDL-C is calculated using the Frie-
dewald formula or the Martin formula4, 5); however, 
this estimated LDL-C is inaccurate if the subject has 
not fasted for at least eight hours or if the plasma tri-
glycerides concentration are ＞400 mg/dL4). More-
over, our studies indicate that, even if triglycerides 
concentration is ＞200 mg/dL, the estimated LDL-C 
value becomes increasingly inaccurate compared to 
LDL-C levels measured with ultracentrifugation 
methods6). Direct homogeneous LDL-C assays for use 
on an automated analyzer without sample pretreat-
ment were developed7, 8). The values obtained with 
these assays correlated well with results obtained with 
the reference method using ultracentrifugation9). 
Small dense LDL-C (sdLDL-C) is a subfraction of 
LDL with a density of 1.044-1.063 g/mL. Studies 
indicate that sdLDL-C is associated with a higher 
CVD risk than large buoyant LDL-C (lbLDL-C)10). 
Our prior studies found that elevated sdLDL-C levels 
were significantly associated with increased triglycer-
ides and decreased HDL-C levels in the Framingham 
Offspring Study11-13). However, the measurement 
methods of low-density lipoprotein particles in these 
studies used gradient gel electrophoresis, which is 
cumbersome, labor-intensive, and difficult to repro-
duce. Subsequently, a direct homogeneous automated 
assay for measuring sdLDL-C was developed14, 15). 
Elevated sdLDL-C, measured using this homogeneous 
method, has been strongly associated with the pres-
ence of coronary heart disease and risk factors16-21).

Measuring carotid intimal medial thickness 
(cIMT) by carotid ultrasonography is an excellent 
method of assessing for the presence of atherosclerosis, 
and is an excellent measure of CVD risk. Increased 
cIMT, noninvasively measured by B-mode ultrasonog-
raphy, is associated with carotid arterial wall stiffness, 
CVD event, and severe coronary atherosclerosis22-24). 
Elevated LDL-C levels correlate with atherosclerosis 
development25-27), and several studies have associated 
elevated sdLDL-C levels with increased cIMT28-31). 
However, these studies were all cross-sectional and, to 
our knowledge, there has been no prospective study to 
assess the association of sdLDL-C levels with cIMT 
progression.

In this investigation, our goal was to examine the 
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and adjusted for standard CVD risk factors, include 
age, gender, systolic blood pressure, total cholesterol, 
HDL-C, current smoking, hypertension treatment, 
and diabetes. Spearman’s correlation coefficient was 
used to assess the correlations of sdLDL-C and tradi-
tional CVD risk factors and other lipoproteins. All 
laboratory measurement variables were log-trans-
formed to account for their non-Gaussian distribu-
tions. Associations between the sdLDL-C or sdLDL-
C/LDL-C ratio and cIMT change over five years were 
assessed using least square methods and the Jonck-
heere-Terpstra trend test, with adjustment for stan-
dard CVD risk factors. A P value of ＜0.05 was con-
sidered statistically significant.

3. Results

3.1 Characteristics at Baseline
Table 1 shows descriptive information on the 

2,030 participants at baseline, including information 
about menopausal status. The mean age was 59 years, 
and 62.2 % were women. Among the 1,263 women, 
187 (14.8%) were premenopausal. Of a total of 2,030 
subjects (1,263 women and 767 men), 242 (11.9 %) 
were smokers, 302 (14.9 %) had hypertension, 279 
(13.7 %) were taking blood pressure lowering medica-
tion, 50 (2.5 %) had diabetes mellitus, and 42 (2.1 %) 
were taking diabetes medication. None of subjects 
were taking lipid lowering medications. Mean cIMT 
levels were 0.63 mm, and the men had significantly 
higher cIMT levels than the women (P＜0.001). The 
mean sdLDL-C levels were 21.6 mg/dL, and the men 
had significantly higher sdLDL-C levels than the 
women (P＜0.001). The mean direct LDL-C levels 
were 91 mg/dL, and the men had significantly higher 
direct LDL-C values than the women (P=0.02). 
Mean sdLDL-C/direct LDL-C ratios were 23.5 %, 
and the men had significantly higher sdLDL-C/direct 
LDL-C ratio than the women (P＜0.001). The 
women had significantly higher levels of HDL-C, 
HDL3-C, and HDL2-C than the men (all P＜0.001). 
They also had significantly higher non-HDL-C levels 
than the men (P＜0.01). Comparing men and post-
menopausal women, similar differences were observed; 
instead of direct LDL-C, they had almost same direct 
LDL-C levels (P=0.97).

3.2 Regression Analyses for cIMT Changes
Table 2 provides results of univariate and multi-

variate regression analyses for cIMT changes over five 
years. The mean cIMT changes were 0.18 mm. On 
univariate analyses, higher levels of sdLDL-C, direct 
LDL-C, sdLDL-C/LDL-C ratio, LDL-TG, triglycer-
ides, Lp(a), and non-HDL-C were significantly and 

in the central laboratory at Tufts University, and the 
within- and between-run coefficients of variation for 
all assays were ＜5.0 %. Non-HDL-C, calculated 
LDL-C, lbLDL-C, and HDL2-C were calculated as 
follows: 1) non-HDL-C= total cholesterol – HDL-C; 
2) calculated LDL-C= total cholesterol – (HDL-C＋ 
TG/5); 3) lbLDL-C=direct LDL-C – sdLDL-C; and 
4) HDL2-C=HDL-C – HDL3-C. Ratios of sdLDL-
C to LDL-C were calculated as the sdLDL-C value 
divided by the direct LDL-C or calculated LDL-C 
value.

2.3 Assessments of Carotid Intimal Medial 
Thickness

cIMT levels were measured by B-mode ultraso-
nography (UF-400AX, Fukuda Denshi, Co., Ltd., 
Tokyo, Japan) with a 10 MHz probe. All ultrasound 
examinations focused on the far wall of both the left 
and right common carotid arteries and were per-
formed by 10 well-trained staff doctors from our 
department. Images were obtained 20 mm proximal 
to the bulb origin and analyzed off-line using innova-
tive IMT measurement software (Intima-Scope; 
MEDIA CROSS Co., Ltd., Tokyo, Japan). This sys-
tem was specifically designed to assess carotid intimal 
medial thickness levels and allows one to obtain the 
average of approximately 250 points of cIMT values 
in the measurement segment in the order of 0.01 
mm39, 40). Segments with plaque were excluded from 
assessment of cIMT levels. Analyzing cIMT levels 
using Intima-Scope was performed by a well-trained 
technician who was blinded to the clinical informa-
tion. In this study, subjects had their cIMT values 
assessed at baseline and five-year follow-up, and the 
differences between those two surveys were calculated.

2.4 Statistical Analyses
All statistical analyses were performed using SAS 

9.4 (SAS Institute Inc., Cary, NC). Data are expressed 
as median values with 25th and 75th percentile values. 
Categorical variables are reported as frequencies and 
percentages. Univariate analyses were carried out using 
Mann-Whitney U testing for continuous variables 
between groups or Chi-square testing for categorical 
variables. Univariate and multivariate regression analy-
ses were performed to examine associations with 
cIMT change over the five-year period and the bio-
chemical variables. In addition, we modeled sdLDL-C 
as a categorical variable by quartiles, and the cut-
points were obtained from the sdLDL-C distribution 
in the whole population (25th, 50th, and 75th percentile 
values were 15.2, 21.6, and 30.7 mg/dL, respectively). 
The P values for trends in multivariate adjustment 
factors were evaluated with linear or logistic regression 
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lowed by 2) HDL2-C, 3) HDL3-C, and 4) adiponec-
tin. After controlling for standard CVD risk factors, 
such as age, gender, systolic blood pressure, smoking, 
hypertension treatment, diabetes, total cholesterol, 
and HDL-C, only sdLDL-C, direct LDL-C, and 
sdLDL-C/LDL-C ratio were significantly (estimated 
values were 0.227, 0.306, and 0.455, respectively, and 
P＜0.001, P=0.02, and P＜0.01, respectively) posi-
tively correlated with cIMT change, and BMI had sig-
nificant negative correlation with cIMT change (esti-
mated value was −0.010 and P＜0.01). Therefore, 

positively associated with cIMT progression (all P＜ 
0.05). The univariate analysis parameters that were 
most strongly associated with an estimated value for 
cIMT change ＞0.10, in order, included 1) sdLDL-C/
LDL-C ratio, 2) direct LDL-C, 3) sdLDL-C, 4) gen-
der, 5) diabetes treatment, 6) diabetes, 7) log triglycer-
ides, 8) hypertension, and 9) hypertension treatment. 
HDL-C, HDL3-C, HDL2-C, and adiponectin were 
significantly negatively associated with cIMT progres-
sion (all P＜0.05). Among these parameters, HDL-C 
had the lowest estimated value for cIMT change, fol-

Table 1. Characteristics at baseline, classified by sex and menopausal status＊

Variables at baseline Men 
(n =767)

Women 
(n =1,263)

P value† Premenopausal 
women

(n =187)

Postmenopausal 
women

(n =1,076)

P value‡

Age (year)
Body mass index (kg/m2)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Current smoking, n (%)
Current alcohol drinking, n (%)
Hypertension, n (%)
Hypertension treatment, n (%)
Diabetes, n (%)
Diabetes treatment, n (%)
Total cholesterol (mg/dL)
Triglycerides (mg/dL)
HDL-C (mg/dL)
Non HDL-C (mg/dL)§

Calculated LDL-C (mg/dL)‖

Direct LDL-C (mg/dL)
Small dense LDL-C (mg/dL)
Small dense LDL-C / calculated LDL-C ratio (%)
Small dense LDL-C / direct LDL-C ratio (%)
Large buoyant LDL-C (mg/dL)¶

VLDL-C (mg/dL)＊＊

LDL-triglycerides (mg/dL)
HDL3-C (mg/dL)
HDL2-C (mg/dL)††

Lipoprotein (a) (mg/dL)
Adiponectin (µg/mL)
High sensitivity CRP (mg/L)
Mean cIMT at baseline (mm)

61 [52, 67]
24.2 [22.3, 26.4]
128 [118, 138]
78 [70, 84]

184 (26.7)
443 (67.8)
137 (19.8)
123 (17.3)
32 (4.6)
27 (3.8)

176 [157, 195]
116 [81, 170]
55 [48, 65]

119 [99, 138]
90 [74, 109]
93 [76, 114]

24.3 [16.8, 33.6]
25.6 [19.3, 36.3]
25.5 [21.1, 31.2]
67.0 [56.1, 80.0]

23 [13, 34]
10.1 [6.4, 15.8]
13.9 [11.2, 17.2]
40.8 [33.4, 50.2]
6.2 [3.3, 11.8]
5.6 [3.8, 8.1]

0.44 [0.21, 0.82]
0.67 [0.60, 0.77]

58 [50, 65]
23.2 [21.0, 25.5]
122 [110, 135]
71 [66, 80]
58 (5.3)

233 (22.4)
165 (14.9)
156 (13.1)
18 (1.6)
15 (1.3)

186 [168, 205]
96 [68, 137]
63 [54, 74]

121 [102, 140]
100 [82, 116]
91 [73, 109]

20.4 [14.3, 28.6]
19.8 [15.4, 27.8]
22.7 [19.0, 27.1]
68.7 [57.4, 81.5]

30 [20, 40]
7.5 [4.7, 11.9]

14.5 [12.1, 18.8]
47.5 [38.7, 58.7]
7.3 [4.0, 13.3]
9.6 [6.9, 12.9]

0.38 [0.15, 0.80]
0.63 [0.57, 0.70]

＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.01

0.01
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001

0.03
＜0.001

0.02
＜0.001
＜0.001
＜0.001

0.34
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001

40 [35, 43]
21.4 [19.8, 23.8]
109 [100, 116]
46 [60, 73]
20 (12.4)
65 (40.6)

 1 (0.6)
 1 (0.5)
 0 (0.0)
 0 (0.0)
164 [147, 183]
71 [53, 106]
66 [56, 75]
97 [82, 117]
80 [66, 97]
74 [60, 92]

14.6 [10.2, 23.6]
18.1 [13.4, 28.2]
20.8 [17.0, 26.2]
58.4 [47.1, 67.0]

23 [11, 34]
5.6 [3.9, 9.1]

14.2 [11.7, 18.5]
49.1 [42.5, 61.6]
6.1 [3.1, 10.6]
8.2 [6.2, 11.1]

0.22 [0.09, 0.50]
0.53 [0.47, 0.60]

60 [54, 66]
23.5 [21.3, 25.8]
124 [112, 136]
72 [68, 80]
38 (4.1)

168 (19.1)
164 (17.5)
155 (15.4)
18 (1.9)
15 (1.5)

190 [172, 208]
100 [71, 142]
63 [53, 74]

125 [107, 143]
102 [86, 118]
93 [77, 112]

21.0 [15.3, 29.1]
19.9 [15.6, 27.8]
22.8 [19.3, 27.3]
70.6 [59.6, 82.9]

31 [21, 41]
7.7 [4.9, 12.2]

14.5 [12.2, 18.8]
47.3 [38.1, 58.6]

7.5 [4.1, 13.5]
9.8 [7.1, 13.2]

0.42 [0.18, 0.84]
0.65 [0.58, 0.73]

＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.01

0.01
0.09
0.15

＜0.001
＜0.001

0.053
＜0.001
＜0.001
＜0.001
＜0.001
＜0.01
＜0.001
＜0.001
＜0.001
＜0.001

0.35
0.01

＜0.01
＜0.001
＜0.001
＜0.001

＊data are shown as median [25% quartile, 75% quartile] or number (%).
†P values were calculated between women and men groups.
‡P values were calculated between premenopausal and postmenopausal women groups.
§Parameter is calculated using the following equation: total cholesterol – HDL-C.
‖Parameter is calculated using the following Friedewald equation: (total cholesterol – HDL-C) – (triglycerides/5).
¶Parameter is calculated using the following equation: LDL-C – small dense LDL-C.
＊＊Parameter is calculated using the following equation: total cholesterol – HDL-C – LDL-C.
††Parameter is calculated using the following equation: HDL-C – HDL3-C.
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; VLDL-C, very low-density lipoprotein cholesterol; CRP, 
C reactive protein; cIMT, carotid intimal medial thickness.
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risk factors and lipoproteins by sdLDL-C quartiles. 
On univariate analyses for standard CVD risk factors, 
individuals with the highest sdLDL-C levels were 
more likely to be older men with higher systolic blood 
pressure and total cholesterol levels, hypertension, and 
diabetes, and receiving hypertension treatment. In 
addition, they were more likely to have lower HDL-C 
levels (all P＜0.05). On multivariate analyses, with 
adjustment for standard CVD risk factors, individuals 

only sdLDL-C and direct LDL-C were statistically sig-
nificant lipoproteins for cIMT progression. Adding 
TG to the controlling factors did not change those 
correlations. In addition, those results were not differ-
ent when excluding 187 premenopausal women.

3.3 Association of sdLDL-C with Cardiovascular 
Risk Factors and Other Lipoproteins

Table 3 shows the means or proportions of CVD 

Table 2. Regression analyses for cIMT changes during 5 years

Variavles Univariate Multivariate Model 1＊ Multivariate Model 2†

Adjusted 
R2

Estimated 
value

P value Adjusted 
R2

Estimated 
value

P value Adjusted 
R2

Estimated 
value

P value

Age (/ 1 year)
Sex (men)
Body mass index (/ 1 kg/m2)
sBP (/ 1 mmHg)
dBP (/ 1 mmHg)
Current smoking (yes)
Current alcohol drinking (yes)
Hypertension (yes)
Hypertension treatment (yes)
Diabetes (yes)
Diabetes treatment (yes)
log total cholesterol (/ 1 log)
log triglycerides (/ 1 log)
log HDL-C (/ 1 log)
log non HDL-C‡ (/ 1 log)
log calculated LDL-C§ (/ 1 log)
log direct LDL-C (/ 1 log)
log small dense LDL-C (/ 1 log)
Small dense LDL-C / calculated LDL-C ratio (/ 1%)
Small dense LDL-C / direct LDL-C ratio (/ 1%)
log large buoyant LDL-C‖ (/ 1 log)
log VLDL-C¶ (/ 1 log)
log LDL-triglycerides (/ 1 log)
log HDL3-C (/ 1 log)
log HDL2-C＊＊ (/ 1 log)
log lipoprotein(a) (/ 1 log)
log adiponectin (/ 1 log)
log high sensitivity CRP (/ 1 log)

0.0700
0.0378

-0.0002
0.0205
0.0040
0.0026
0.0071
0.0102
0.0085
0.0030
0.0026

-0.0002
0.0059
0.0056
0.0004

-0.0003
0.0045
0.0127
0.0168
0.0147

-0.0001
0.0031
0.0027
0.0027
0.0043
0.0007
0.0025
0.0013

0.011
0.187
0.002
0.004
0.003
0.073
0.080
0.122
0.116
0.158
0.163

-0.117
0.155

-0.338
0.128

-0.052
0.251
0.245
0.353
0.727
0.067

-0.009
0.088

-0.199
-0.240
0.039

-0.101
0.039

＜0.001
＜0.001

0.44
＜0.001
＜0.01

0.02
＜0.001
＜0.001
＜0.001

0.01
0.01
0.43

＜0.001
＜0.001

0.18
0.52

＜0.01
＜0.001
＜0.001
＜0.001

0.40
＜0.01

0.01
0.01

＜0.01
0.11
0.01
0.06

 
 

0.0926
 

0.0892
 

0.0888
 
 
 
 
 

0.0895
 
 

0.0884
0.0915
0.0950
0.0964
0.0939
0.0887
0.0906
0.0890
0.0887
0.0885
0.0906
0.0893
0.0865

 
 

-0.010
 

＜-0.001
 

0.033
 
 
 
 
 

0.073
 
 

-0.219
0.304
0.226
0.247
0.454
0.054

-0.081
0.039

-0.056
0.012
0.035

-0.060
-0.018

 
 
＜0.01
 

0.69
 

0.18
 
 
 
 
 

0.16
 
 

0.14
0.02

＜0.001
＜0.001
＜0.01

0.63
0.02
0.34
0.53
0.95
0.16
0.23
0.44

 
 

0.0935
 

0.0895
 

0.0889
 
 
 
 
 
 
 
 

0.0881
0.0917
0.0945
0.0978
0.0934
0.0891
0.0908
0.0889
0.0889
0.0888
0.0914
0.0893
0.0870

 
 

-0.010
 

＜-0.001
 

0.030
 
 
 
 
 
 
 
 

-0.393
0.301
0.226
0.330
0.477
0.091

-0.078
0.013

-0.026
-0.020
0.042

-0.049
-0.021

 
 
＜0.01
 

0.64
 
0.23

 
 
 
 
 
 
 
 

0.15
0.02

＜0.001
＜0.001
＜0.01

0.43
0.03
0.80
0.78
0.93
0.10
0.33
0.36

＊Variables in multivariate regression analyses model 1 were adjusted for age, sex, systolic blood pressure, total cholesterol, high density lipoprotein 
cholesterol, current smoking, history of diabetes, and hypertension treatment.
†Variables in multivariate regression analyses model 2 were adjusted for age, sex, systolic blood pressure, total cholesterol, high density lipoprotein 
cholesterol, current smoking, history of diabetes, and hypertension treatment and triglycerides.
‡Parameter is calculated using the following equation: total cholesterol – HDL-C.
§Parameter is calculated using the following Friedewald equation: (total cholesterol – HDL-C) – (triglycerides/5).
‖Parameter is calculated using the following equation: LDL-C – small dense LDL-C.
¶Parameter is calculated using the following equation: total cholesterol – HDL-C – LDL-C.
＊＊Parameter is calculated using the following equation: HDL-C – HDL3-C.
cIMT, carotid intimal medial thickness; sBP, systolic blood pressure; dBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; VLDL-C, very low-density lipoprotein cholesterol; CRP, C reactive protein.



Small Dense LDL-C and IMT Progression

1113

0.05). Interestingly, they were likely to have lower 
HDL3-C, but higher HDL2-C levels. The mean 
cIMT progression significantly increased with sdLDL-
C quartiles (P＜0.01). However, mean cIMT levels at 
baseline were not different across sdLDL-C quartiles. 

with the highest sdLDL-C levels were also more likely 
to have the highest prevalence of alcohol drinking 
habits, and the highest values for BMI, diastolic blood 
pressure, direct LDL-C, sdLDL-C/LDL-C ratio, 
lbLDL-C, LDL-TG, triglycerides, and hsCRP (all P＜ 

Table 3.  Parameters by quartiles of small dense LDL-C and P-value for trend across quartiles, adjusted for standard ASCVD risk 
factors†

Small dense LDL-C Quartiles Quartile 1 
(n =507)

Quartile 2 
(n =506)

Quartile 3 
(n =510)

Quartile 4 
(n =507)

P values for 
trend

Unadjusted variables‡

Age (years)
Women, n (%)
Systolic blood pressure (mmHg)
Total cholesterol (mg/dL)
HDL-C (mg/dL)
Current smoking, n (%)
Hypertension, n (%)
Hypertension treatment, n (%)
Diabetes, n (%)
Diabetes treatment, n (%)

 
56 [46, 63]

361 (71.2)
120 [109, 132]
164 [148, 181]

67 [57, 78]
52 (11.8)
56 (12.5)
50 (10.3)
10 (2.2)

9 (1.9)

 
59 [52, 66]

339 (67.0)
122 [112, 136]
180 [162, 197]

63 [54, 75]
60 (13.7)
82 (18.5)
76 (15.9)

9 (2.0)
8 (1.7)

 
60 [53, 67]

300 (58.8)
125 [116, 136]
189 [171, 205]

58 [49, 67]
62 (13.6)
76 (16.6)
72 (15.1)
11 (2.4)

9 (1.9)

 
61 [50, 68]

263 (51.9)
128 [116, 139]
198 [182, 215]

54 [47, 63]
68 (15.2)
88 (19.6)
81 (17.5)
20 (4.4)
16 (3.5)

 
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001

0.53
0.02

＜0.01
0.13
0.25

Adjusted variables§

Body mass index (kg/m2)
Diastolic blood pressure (mmHg)
Current alcohol drinking (%)
Dyslipidemia (%)
Triglycerides (mg/dL)
Calculated LDL-C (mg/dL)‖

Direct LDL-C (mg/dL)
Small dense LDL-C / calculated LDL-C ratio (%)
Small dense LDL-C / direct LDL-C ratio (%)
Large buoyant LDL-C (mg/dL)¶

VLDL-C (mg/dL)††

LDL-triglycerides (mg/dL)
HDL3-C (mg/dL)
HDL2-C (mg/dL)‡‡

Lipoprotein(a) (mg/dL)
Adiponectin (µg/dL)
High sensitivity CRP (mg/L)
Mean cIMT at baseline (mm)
Mean cIMT progression (mm)

 
23.5±0.3
73.7±0.7
39.0±4.1

1.7±1.2
99.0±6.6

102.7±1.0
77.5±1.2
10.4±1.3
16.7±0.5
63.9±1.1
24.5±1.3

8.2±0.8
15.7±0.4
46.5±0.4
11.6±1.0

9.2±0.4
0.62±0.07
0.69±0.01
0.31±0.04

 
24.3±0.3＊＊＊

73.2±0.7
41.3±3.9

1.6±1.2
118.3±6.3＊＊＊

98.3±0.9＊＊＊

88.3±1.2＊＊＊

21.7±1.3＊＊＊

21.8±0.4＊＊＊

69.2±1.1＊＊＊

29.3±1.2＊＊＊

9.5±0.7＊

15.3±0.4
47.0±0.4
11.2±0.9

8.2±0.4＊＊＊

0.68±0.07
0.70±0.01
0.33±0.04

 
24.5±0.3＊＊＊

73.8±0.7
50.4±3.9＊＊＊

1.0±1.2
148.1±6.3＊＊＊

93.3±0.9＊＊＊

98.1±1.2＊＊＊

30.0±1.3＊＊＊

26.4±0.4＊＊＊

72.7±1.0＊＊＊

34.9±1.2＊＊＊

12.7±0.7＊＊＊

14.4±0.4＊＊＊

47.8±0.4＊＊＊

10.4±0.9
8.1±0.4＊＊＊

0.71±0.07
0.69±0.01
0.34±0.04

 
24.9±0.3＊＊＊

75.0±0.7＊

63.8±3.9＊＊＊

3.5±1.2
186.7±6.4＊＊＊

84.5±0.9＊＊＊

114.0±1.2＊＊＊

47.3±1.3＊＊＊

35.0±0.5＊＊＊

74.2±1.1＊＊＊

44.8±1.2＊＊＊

16.9±0.7＊＊＊

13.2±0.4＊＊＊

49.0±0.4＊＊＊

7.2±1.0＊＊＊

7.2±0.4＊＊＊

0.82±0.07＊＊

0.69±0.01
0.41±0.04＊＊

 
＜0.001

0.02
＜0.001

0.19
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.01

0.95
＜0.01 

†Adjusted for standard ASCVD risk factors included age, sex, systolic blood pressure, total cholesterol, high density lipoprotein cholesterol, current 
smoking, history of diabetes, and hypertension treatment.
‡Data are shown as median [25% quartile, 75% quartile] or number (%) for unadjusted variables.
§Data are shown as adjusted mean±standard error or proportions ± standard error for adjusted variables.
‖Parameter is calculated using the following Friedewald equation: (total cholesterol – HDL-C) – (triglycerides/5).
¶Parameter is calculated using the following equation: LDL-C – small dense LDL-C.
††Parameter is calculated using the following equation: total cholesterol – HDL-C – LDL-C.
‡‡Parameter is calculated using the following equation: HDL-C – HDL3-C.
＊P values ＜0.05 compared with Quartile 1.
＊＊P values ＜0.01 compared with Quartile 1.
＊＊＊P values ＜0.001 compared with Quartile 1.
LDL-C, low-density lipoprotein cholesterol; ASCVD, atherosclerotic cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; VLDL-
C, very low-density lipoprotein cholesterol; CRP, C reactive protein; cIMT, carotid intimal medial thickness.
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mg/dL, significantly increased in accordance with 
higher sdLDL-C quartiles (P for trend ＜0.01 and ＜
0.001, respectively). Among subjects with direct 
LDL-C levels ≤ 100 mg/dL, individuals with the high-
est sdLDL-C quartile had significantly increased 
cIMT levels than those with the lowest sdLDL-C 
quartile (P＜0.05), but this was not the case for those 
with values with in the 2nd and 3rd sdLDL-C quartiles. 
The subjects with direct LDL-C levels ＞100 mg/dL 
and the highest sdLDL-C quartile had significantly 
increased cIMT levels compared to those with all 
other sdLDL-C quartiles (all P＜0.05). Moreover, the 
group with direct LDL-C levels ＞100 mg/dL and the 
highest sdLDL-C quartile had significantly increased 
cIMT levels than those with all other groups (all P＜
0.05). Adding TG to the controlling factors did not 
change those correlations. In addition, those results 
were not different when excluding premenopausal 
women.

3.5 sdLDL-C/LDL-C Ratios and cIMT Progressions
We also assessed the association of sdLDL-C/

Adding TG to the controlling factors did not change 
those correlations. In addition, those results were not 
different when excluding 187 premenopausal women.

The correlations between sdLDL-C and other 
lipoproteins and hsCRP are shown in Supplementary 
Fig. 1. The positive correlations with sdLDL-C were 
found with direct LDL-C, triglycerides, non-HDL-C, 
LDL-TG, lbLDL-C, calculated LDL-C, total choles-
terol, and hsCRP. HDL-C, HDL2-C, HDL3-C, adi-
ponectin, and Lp(a) showed negative correlations with 
sdLDL-C.

3.4 sdLDL-C Levels and cIMT Progressions
We assessed the association of sdLDL-C levels 

with cIMT progressions, stratified by direct LDL-C 
levels (direct LDL-C ≤ 100 mg/dL and ＞100 mg/dL) 
(Fig.1). In these analyses, the mean cIMT change lev-
els were adjusted for standard CVD risk factors, such 
as age, gender, smoking, systolic blood pressure, 
hypertension treatment, diabetes, total cholesterol, 
and HDL-C. Mean cIMT progression in both groups, 
with direct LDL-C levels ≤ 100 mg/dL and ＞100 
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Direct LDL-C (mg/dL)

≤ 100 > 100
Q1

Q2
Q3

Q4

P for trend
< 0.01

P for trend
< 0.001

Mean 5 year cIMT
progression (mm)

Fig.1. Relationship between cIMT progression and serum sdLDL-C levels

This figure shows cIMT progression levels by sdLDL-C quartiles and LDL-C levels. Subjects were divided into 
a low LDL-C group (LDL-C ≤ 100 mg/dL) and a high LDL-C group (LDL-C ＞100 mg/dL); they were then 
stratified into four groups according to sdLDL-C quartiles. cIMT levels were adjusted for standard CVD risk 
factors using least square methods. Jonckheere-Terpstra trend tests were performed to assess the associations 
between mean cIMT progressions and sdLDL-C quartiles. Mean cIMT progressions in both the low and high 
LDL-C groups significantly increased in accordance with higher sdLDL-C quartiles (P for trend ＜0.01 and ＜
0.001, respectively). Among the low LDL-C group, individuals with the highest sdLDL-C quartile had signifi-
cantly increased cIMT levels than those with the lowest sdLDL-C quartile (P＜0.05), but this was not the case 
for those with 2nd and 3rd sdLDL-C quartiles. Among the high LDL-C group, individuals with the highest 
sdLDL-C quartile had significantly increased cIMT levels than those with all other sdLDL-C quartiles (all P＜
0.05). Individuals with the highest sdLDL-C quartile in the high LDL-C group had significantly increased 
cIMT levels than those with all other groups (all P＜0.05).
cIMT, carotid intimal medial thickness; sdLDL-C, small dense low-density lipoprotein cholesterol; LDL-C, 
low-density lipoprotein cholesterol; CVD, cardiovascular disease.
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and disability in the world1), and cIMT levels are 
thought to be a good surrogate marker22-24). Thus, 
understanding risk factors for cIMT progression may 
be helpful for formulating an optimal therapy for 
CVD prevention. In the current study, we examined 
the association between atherogenic lipoproteins levels 
and cIMT changes in a general Japanese prospective 
observational study cohort, with five years of follow-
up, using automated homogeneous sdLDL-C, direct 
LDL-C, LDL-TG, Lp(a), and HDL3-C assays. Ele-
vated plasma sdLDL-C and direct LDL-C levels, and 
sdLDL-C/LDL-C ratio were significantly associated 
with cIMT progression after controlling for standard 
CVD risk factors (estimated values were 0.227, 0.306, 
and 0.455, respectively). Moreover, even in subjects 
with direct LDL-C levels less than 100 mg/dL, only 
elevated sdLDL-C levels were significantly associated 
with cIMT progression (P for trend ＜0.01). It is well 
known that sdLDL-C is related to TG, and lipid pro-
files may differ between pre- and postmenopausal 
women; however, our results did not change by add-
ing TG to controlling factors or excluding premeno-
pausal women.

Elevated LDL-C levels are associated with CVD 
events3), and lowering LDL-C, along with lifestyle 

LDL-C ratios with cIMT progressions, stratified by 
direct LDL-C levels (direct LDL-C ≤ 100mg/dL and 
＞100 mg/dL) (Fig.2). In these analyses, the mean 
cIMT change levels were adjusted for standard CVD 
risk factors as shown in Fig.1. For sdLDL-C/LDL-C 
ratio, the mean cIMT progression significantly 
increased in the group with direct LDL-C levels ＞
100 mg/dL, in accordance with higher sdLDL-C/
LDL-C ratio quartiles (P for trend ＜0.001); however, 
there was no significant association between sdLDL-
C/LDL-C ratio quartiles and cIMT progression in the 
group with direct LDL-C levels ≤ 100 mg/dL (P for 
trend=0.18). Only the group with direct LDL-C lev-
els ＞100 mg/dL and the highest sdLDL-C/LDL-C 
ratio quartile had significantly increased cIMT levels 
than those in all other groups (all P＜0.05). There 
were no significant differences for cIMT progression 
among other groups. Adding TG to the controlling 
factors did not change those correlations. In addition, 
those results were not different when excluding pre-
menopausal women.

4. Discussion

CVD remains one of the leading causes of death 
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Fig.2. Relationship between cIMT progression and sdLDL-C/LDL-C ratios

This figure shows cIMT progression levels by sdLDL-C/LDL-C ratio quartiles and LDL-C levels. Subjects were 
divided to a low LDL-C group (LDL-C ≤ 100 mg/dL) and a high LDL-C group (LDL-C ＞100 mg/dL); they 
were then stratified into four groups according to sdLDL-C/LDL-C ratio quartiles. cIMT levels were adjusted 
for standard CVD risk factors using least square methods. Jonckheere-Terpstra trend tests were performed to 
assess the associations between mean cIMT progressions and sdLDL-C quartiles. Mean cIMT progression sig-
nificantly increased in accordance with higher sdLDL-C/LDL-C ratio quartiles only in the high LDL-C group 
(P for trend ＜0.001); however, there was no significant association between sdLDL-C/LDL-C ratio and cIMT 
progression in the low LDL-C group. Individuals with the highest sdLDL-C/LDL-C ratio quartile in the high 
LDL-C group had significant increased cIMT levels than those with all other groups (all P＜0.05).
cIMT, carotid intimal medial thickness; sdLDL-C, small dense low-density lipoprotein cholesterol; LDL-C, 
low-density lipoprotein cholesterol; CVD, cardiovascular disease.
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lished CVD.
There are some limitations in this study. The 

cohort size was relatively small, and all participants 
were native Japanese. Thus, a larger study with various 
ethnicities will be necessary to confirm our findings. 
In addition, direct sdLDL-C measurement are not 
widely available in Japan. It is necessary to promote 
direct sdLDL-C measurement’s clinical usefulness in 
preventive healthcare medicine. Moreover, the subjects 
included in this study received no cholesterol lowering 
medications during the baseline and follow-up sur-
veys. We have to assess whether lowering sdLDL-C 
levels modulates cIMT levels in a study including sub-
jects receiving cholesterol lowering medications.

5. Conclusions

In conclusion, both LDL-C and sdLDL-C levels 
measured with homogenous automated assays were 
significantly associated with cIMT progression, and 
sdLDL-C had a stronger relationship with cIMT pro-
gression than LDL-C. Our results support the concept 
that direct sdLDL-C and LDL-C should be measured 
in subjects with high CVD risk as well as those with 
established CVD in order to formulate an optimal 
therapy for CVD prevention.
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modifications and treatment modalities, has reduced 
CVD risk41). In addition, increased LDL-C levels are 
also associated with atherosclerosis development25-27). 
Recent recommendations indicate that LDL-C targets 
should be ＜100 mg/dL in high risk subjects and ＜
70 mg/dL in CVD patients, similar to prior recom-
mendations42-44). Moreover, we have previously dem-
onstrated direct LDL-C is superior to calculated 
LDL-C for predicting CVD incidence in Framingham 
Offspring Study38). Therefore, direct measurements of 
LDL-C levels are important for CVD risk assessment 
and therapy formulation. In the present study, direct 
LDL-C levels had significant correlation with cIMT 
progression over a five-year follow-up period, even 
after controlling for standard CVD risk factors, 
although calculated LDL-C levels did not. Our results 
are consistent with the concept that an elevated direct 
LDL-C level is a predictive marker for CVD.

Small dense LDL-C is one of two LDL-C sub-
fractions; the other one is lbLDL-C. There are a large 
amount of data supporting the concept sdLDL-C is a 
more atherogenic lipoprotein particle for CVD events 
than lbLDL-C16-20). Small dense LDL is a smaller lipo-
protein particle and binds with lower affinity to the 
LDL receptor, which results in sdLDL having a sub-
stantially longer plasma residence time than lbLDL, 
potentially leading to increased deposition in the arte-
rial wall45). Moreover, sdLDL can promote LDL mod-
ification because it has a high binding affinity with 
proteoglycans46). In the present study, all the athero-
genic lipoproteins were assessed. SdLDL-C showed 
the strongest association with cIMT progression after 
controlling for standard CVD risk factors. Moreover 
sdLDL-C levels were correlated with adjusted cIMT 
progression whether LDL-C levels less than 100 mg/
dL or greater than 100 mg/dL. These data are consis-
tent with the concept that sdLDL-C is a more athero-
genic lipoprotein than lbLDL-C. Ratios of sdLDL-C 
to LDL-C also provide some information to predict 
CVD risk; however, sdLDL-C/LDL-C ratios were 
associated with cIMT progression only in the individ-
uals with LDL-C levels greater than 100 mg/dL. Pre-
viously sdLDL-C levels were measured by gradient gel 
electrophoresis. However, the assessment of LDL par-
ticles using gradient gel electrophoresis is time-con-
suming and not reproducible. Recently, a homoge-
neous automated assay for measuring sdLDL-C has 
been developed15), and many studies that used this 
assay have demonstrated the strong association 
between the elevated sdLDL-C levels and CVD18-20). 
In this study, both within- and between-run coeffi-
cients of variant for sdLDL-C assays were less than 5.0 
%. Thus we believe sdLDL-C should be measured in 
patients at high CVD risk, as well as those with estab-
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Supplementary Fig.1. Correlations between sdLDL-C and other lipoproteins and hsCRP

This figure shows scatter plots between sdLDL-C and other lipoproteins and hsCRP. According to Spearman’s r values, positive correlations 
between sdLDL-C were found in order direct LDL-C, triglycerides, non-HDL-C, LDL-TG, large buoyant LDL-C, calculated LDL-C, total 
cholesterol, and hsCRP. HDL-C, HDL2-C, HDL3-C, adiponectin, and Lp(a) showed negative correlations between sdLDL-C.
sdLDL-C, small dense low-density lipoprotein cholesterol; hsCRP, high sensitivity C reactive protein; LDL-C, low-density lipoprotein choles-
terol; HDL-C, high-density lipoprotein cholesterol; LDL-TG, low-density lipoprotein triglycerides; Lp(a), lipoprotein(a).

Spearman’s R = 0.485
P < 0.0001

(a)

Spearman’s R = 0.500
P < 0.0001

(c)

Spearman’s R = 0.651
P < 0.0001

(e)

Spearman’s R = 0.851
P < 0.0001

(b)

Spearman’s R = 0.626
P < 0.0001

(d)

Spearman’s R = 0.662
P < 0.0001

(f )
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(Cont. Supplementary Fig.1.)

Spearman’s R = 0.652
P < 0.0001

(g)

Spearman’s R = -0.158
P < 0.0001

(i)

Spearman’s R = 0.684
P < 0.0001

(k)

Spearman’s R = -0.316
P < 0.0001

(h)

Spearman’s R = -0.288
P < 0.0001

(j)

Spearman’s R = -0.268
P < 0.0001

(l)



Ikezaki et al.

1122

Spearman’s R = -0.063
P = 0.03

(m) Spearman’s R = 0.271
P < 0.0001

95% confidential interval
95% prediction interval
Regression line

(n)

(Cont. Supplementary Fig.1.)
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